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[Purpose] To provide a switching device that 
supplies a great deal of information without the need for 
selecting commands. 

[Construction] A switching device 1 outputs 
electrical signals responsive to an operational amount and 
an operational time of a switch, and feeds the electrical 
signals to an Information processing device 7. The 
switching device 1 includes a switch 3 which generates a 
signal relating to the operational amount when the switch 3 
is operated, and a signal output means 5 which converts the 
signal relating to the operational amount into a signal 

relating to the operational time. A button 14 is vertically 

. - - i 
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movably supported on a cover 13 of the switch 3. A movable 
contact 15 is secured to the bottom end of the button 14, 
and is always upwardly urged by a coil spring, etc. The 
movable contact 15 is fabricated of an electrically 
conductive rubber G having a constant resistance. 
Semicircular conductors 18 and 18 with a spacing 19 
Interposed therebetween face the movable contact 15, and are 
arranged in a generally circular layout. The switch 3 
outputs a change in resistance between the two semicircular 
conductors 18 as the signal relating to the operational 
amount and a signal output means 3 outputs the signal 
relating to the operational time. 

[CLAIMS] 

[Claim 1] A switching device comprising a switch 
which outputs a signal relating to an ioperational amount 
when the switch is operated, and a signal output means which 
outputs an electrical signal relating to an operational time 
based on the signal relating to the operational amount of 
the switch. 

[Claim 2] A switching device according to claim 1. 
wherein the switch comprises a movable contact formed of an 
electrically conductive rubber and fixed to an operation 
button; conductive fixed contacts arranged in a circular 
configuration with a gap interposed therebetween in a 
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position facing the movable contact, a resistance measuring 

i 

unit which measures a resistance from j the conductive fixed 
contacts, and an A/D converter unit which converts an analog 
quantity from the resistance measuring unit into a digital 
signal. 

[Claim 3] A switching device according to claim 1, 
wherein the switch includes a movable magnet fixed to an 
operation button, a fixed coil including a coiled conductive 
wire fixed in a position facing the movable magnet, an 
operational amplifier which amplifies a voltage generated in 
the fixed coil, and an A/D converter which converts an 
analog quantity from the operational amplifier into a 
digital signal. 

[Claim 4] A switching device according to claim 1, 
wherein the switch Includes a movable electrode fixed to an 
operation button, a fixed electrode fixed in a position 
facing the movable electrode, a means for imparting charge 
to the two electrodes, an operational amplifier which 
amplifies a voltage responsive to a capacitance between the 
two electrodes, and an A/D converter which converts an 
analog quantity from the operational amplifier into a 
digital signal. 

[Claim 5] A switching device according to one of 
claims 1, 2, 3, and 4, wherein the signal output means 
comprises an operational time detector circuit which 
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converts an anaXog signal reXating to the operatlonaX — 
o£ the switch into a digital signal reXating to the 

operational time. 

jCXain, 6 , A switching device according to cXai* 5 . 
.herein the operations «- detector circuit uprises - 

th e operational ^ount fro,, the switch hecces e,uai or 
la rger than a predated vaXue. a — vaiue detector 
clrc uit which detects that the anaXog slgnaX reaches a 

. 4a oat bv an output signal 
a fliDflop which is sex; oy o 
maximum value, a xAxpixv* 

f ro™ the comparator, and reset hy the vaXue detector 

circuit, and a tiner which is stopped hy an output of the 
flipflop. 

[C laim 7, A switching device according to clain 1. 
.herein the switch comprises a trape Z oidally shaped. 
el ectrlcaXly conductive, movahle rubber contact fixed to an 
operation hutton and a fixed contact assembly -posed of 
pxuraxity of reguXarXy spaced eXectrodes in a — 
facing the .ovahXe contact, and whe^n a digitaX 
mating to the operatlbnaX amount is output in respons 
. contact area of the eXectricaliy conductive ruhher contact 
in contact with the electrodes. | 

.CXalm B, A switching device according to cXalm 1. 
^rein the switch con.pri.es a se^-spWicaXXy shaped 
exeotricaxxy conductive, movabie ruhher contact fixed 



♦ ► and . fi^d contact assembly composed of a central 
tattoo and a fix „ sembly in a position 

electrode placed in the center of the assembly 
facing the movable contact, and a plurality of regularly 

eel rings of electrodes centered on the central electee. 
and wherein a digital quantity relating to the operational 
..ount is output in response to a contact area of the 
electrically conductive rubber conta^ in contact with 

i 

electrodes. 

.Claim 91 * switching device according to one 
c laims 1. , an. 3. wherein the signal j output means comprises 
an operational time detector circuit Which converts a 
digital entity relating to the operational amount into 
digital signal relating to the operational time. . 

.Claim 101 A switching device according to claim !. 
herein the operational time detector circuit Includes an 
information processing device which converts a digital 
entity relating to the operational amount into a digital 
signal relating to the operational time. 

.Detailed Description of the Invention) 

[0001] 

.Technical Field of the Invention, The present 
invention relates switching devices and. in particular, to 
switching device for use in a game machine. More 
specifically, the Resent invention relates to a switching 

< ¥n a bush button switch, etc.. 
device which is applied to a pusn 



arrang e d on a control panel ox a game; machine, for 
controlling the operation of a charter presented on a 
screen of a display unit. 
[0002] 

description of the Belated Arts, Unexamined 

fi-^-29113 discloses this 
Patent Application Publication Mo. 63 

sort or switching device. This conventional switching 
aevlce relates to a mouse, which inches a button to be 
pr essed aown by a finger, a pressure sensor which outputs 
analog signal having a afferent value in response to a 
force applied on the button, ana an A/D converter for 

is stronger, digital data havihg a larger value is output 

[0003) Besiaes information relating to an on ana off 
state of the button, the switching device outputs aifferent 
information as to the magnitude of force applied on the 
button to an information processin, aevice. The information 
processing device thus can perform a variety of processes. 
10004] 

.Problems to be sclved b, the Invention, As already 
alscussea; the above-referenced switching device outputs to 
th e information processing device, the information about 
on and off state of the button and the information as to 
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pressure acting on the button. If a user attempts to output 
another piece of information, the user must input and select 
another command on the screen of a display of the 
information processing device and then must press the button. 
This inconveniences the user. The information allowed to be 
input is limited to the information relating to the on and 
off operation of the switch and the pressure applied on the 
button . 

[0005] In a game machine as one of the information 
processing devices, the user operates the button arranged on 
the control panel, thereby controlling the operation of the 
character. If the user controls the operation of the 
character in response to the magnitude of the pressure 
applied on the button only, the mode of operation of the 
character is limited. There is a need; for causing the 
character to move in response to the s^peed at which the 

button is pressed. 

[0006] To resolve this problem, it is the object of 
the present invention to provide a switching device which 

presents more pieces of information without the need for 

i 

selecting commands. 
[0007] 

[Means for Solving the Problems] To achieve the above object, 
a switching device of the present invention includes a 
switch which outputs a signal relating to an operational 
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_«t — the switch Is operated, aid a sianal output 
means which outputs an electrical signal relating to an 

vi ™ the slqnal delating to the 
operational time based on the sign ^ 

operational amount of the switch. j 

,00081 The switch of the switching device of the 
present Invention Includes a movable Contact forced of an 
electrically conductive rubber and fi*ed to an operation 
button, conductive fixed contacts arranged In a circular 
configuration with a gap Interposed therebetween In a 
position facing the movable contact, a resistance measuring 
u „lt which measures a resistance from the conductive fixed 
contacts, and an A/P converter unit which converts an analog 
guantity from the resistance measuring unit into a digital 
signal. 

,0009] The switch of the switching device of the 
present invention includes a movable magnet fixed to an 
operation button, a fixed coll including a coiled conductive 
Mi re fixed in a position facing the movable magnet, an 
operational amplifier which amplifies a voltage generated in 
the fixed col!, and an A/D converter which converts an 
analog guantity from the operational amplifier into a 

digital signal. 

[00101 The switch of the switching device of the 
present invention includes a Movable electrode fixed to an 
operation button, a fixed electrode fixed in a position 
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facing the movable electrode; a means for imparting charge 
to the two electrodes, an operational amplifier which 
amplifies a voltage responsive to a capacitance between the 
two electrodes, and an A/D converter which converts an 
analog quantity from the operational amplifier into a 
digital signal, 

[OOll] A signal output means of the switching device 
of the present invention includes an operational time 
detector circuit which converts an analog signal relating to 
the operational amount of the switch into a digital signal 
relating to the operational time. 

[0012] The operational time detector circuit of the 
switching device of the present invention includes a 
comparator which detects that an analog signal relating to 
the operational amount from the switch becomes equal to or 
larger than a predetermined value, a maximum value detector 
circuit which detects that the analog signal reaches a 
maximum value, a flipflop which is set by an output signal 
from the comparator, and reset by the maximum value detector 
circuit, and a timer which is stopped by an output of the 
flipflop. 

[0013 J The switch of the switching device of the 

! 

present invention Includes a trapezoidally shaped, 

i 

i 

electrically conductive, movable rubber contact fixed to an 
operation button arid a fixed contact assembly composed of a 
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- elec trodes in a position 
plu rality of --'--^l^ a digital — 
facing the movable contact. ^ ^ 

gating to the — ^ ^ ru bber contact 
. contact area of the electrically 

ln contact w,th the eXect^e. ^ ^ ^ 

100141 "" I *. se*l-spherlcally shaped. 
pres ent invention i oo „ tact flx ed to a 

— °^r t :r ju- - • — * 

bott o„ ana a ^ ^ _ „ f ^i^ly in a Potion 
el ectrode Piacea _ ^ rf regularly 

facing the movable contact, and P , 

, „ lec trodes centered oA the 
spaced rings of electro operational 

ruaital quantity relating to 
and wherein a digital ^ ^ rf the 

^ount is output in response , ^ ^ 

metrically conductive rubber contact i» 

eiectro Too 15) - — — ot r OP m 

.vice of the Present invention — ^ relating 
sector circuit which converts . ^ 
t0 the operational amount into a digital 

lotion — : — ;rx 
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operational time. 
[0017] 

l 

[Operation] When an operation j switch is operated, 
the switch generates a signal responsive to an operation of 
the switch. The operational amount of the switch is then 
fed to a subsequent processing device; The signal output 
means outputs electrical signals relating to the operational 
time based on the operational amount of the switch. A game 
machine controls the distance of travel and travel speed of 
a character based on the electrical signals relating to the 
operational amount and the operational time from the switch. 

[0018] When the electrically conductive movable 
rubber contact comes into contact with the fixed conductive 
contacts which are insulated from each other and are 
arranged in a generally circular layout, the electrically 
conductive rubber is deformed, and the resistance between 
the two conductors changes. The resistance change is 
converted into a voltage value, which is treated as an 
electrical signal representing the operational amount of the 
switch. The signal output means produces an electrical 
signal representing operational speed information, based on 
the electrical signal representing the operational amount of 
the switch . 

[0019 J When the movable magnet approaches the fixed 
coil in the switch k a voltagei is generated in the fixed coil 
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.1- This voltage is an 

^:^:r; 

electrical signal repre elec trical 

' ■ a the signal output means converts the 
switch, and the sign eontlnq operational 

Toxical signal representing op 
Signal into an electrical s g 

speed information. movaD i e electrode, a 

,00,03 The switch includes a movable 

, strode and a charge supply means. Let S r P 
fiX ed electrode, elfectro de and the fixed 

« n * each of the movable electro 

* the fixed electrode, and . represent a 

s ^ a 

aielectric constant between the . 

«. c-eS/d. When the operation of a butto 
capacitance C is c-eS/Q. 

«. distance d between the two electrodes, the 
chances the 4 the slgn al output 

capacitance C also changes In P ^ ^ 

„«= the voltage thereof, thereoy r 
me ans changes the O i eratlo nal amount and 

electrical signals representing the on 

operational speed. ! 

[002 1, The signal output mean, — s the 

,™it which converts the analog 
operation tine detector circuit, whl 

signal relating to the operational amount of 

. digital signal. ^ clro uit sets 

l0 o»l The operational t* > analog 
^e fllptlop when the comparator detects 

, relating to the operational amount of the 
slgna l rela^n preaet erml„ed value, 

becomes equal to or - ; 



and resets the flipflop when the comparator detects that the 
analog signal reaches the maximum value. In this way, the 
rising edge of a first half of the analog signal is detected, 
and the time of the analog signal is counted by the timer, 
and the operational time is thus detected. 

i 

[0023] When the trapezoidally | shaped, electrically 

I 

conductive, movable rubber contact is j put into contact with 

I 

the fixed contact assembly compbised oi the plurality of 

I 

regularly spaced electrodes in a position facing the movable 
contact in the switch, the electrically conductive rubber is 
deformed and comes into contact with 6ach electrode. In 
this way, the contact area of the electrically conductive 
rubber with each electrode changes. A change in the contact 
area becomes a signal representing whether the electrically 
conductive rubber is in contact with br out of contact with 
the electrode,, and the signal is a digital signal 
representing the contact state of the plurality of 
electrodes . 

[0024] When the semi- spherically shaped, 
electrically conductive, movable rubber contact is in 
contact with the fixed contact assembly composed of the 
central electrode placed in the center of the assembly in a 
position facing the movable contact, and the plurality of 
regularly spaced rings of electrodes centered on the central 
electrode, in the switch, the electrically conductive rubber 



is deformed, and comes into contact with the electrodes, 
from the central electrode to radially external electrodes. 
A change in the contact area becomes a signal representing 
whether the electrically conductive rubber is in contact 
with or out of contact with the electrode. Since the 
plurality of electrodes are employed, the signal is a 
digital quantity response to the contact area of the 
electrically conductive rubber. 

[0025] The signal output means Includes the 
operational time detector circuit which converts a digital 
quantity relating to the operational amount into a digital 
signal relating to the operational time. 

[0026] The operational time detector circuit may 
include an information processing device, such as a computer 
which converts a digital quantity relating to the 
operational amount into a digital signal relating to the 
operational time using a software program. 

[0027] 

[Embodiments] The embodiments of the present 
invention are now discussed, referring to the drawings. 
<First Embodiment > FIG. 1 is a block diagram of an 
information processing device to which one embodiment of the 
switching device of the present invention is connected. 

[0028] The switching device 1 jshowh in FIG. 1 is 
designed to output electrical signals ^relating to the 
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■* *h« operational time of a switch. 

Tn e switching device 1 ^ ^ 
formation processing device ^ ^ 
formation processing device 3 «« „ nal 
^pensive to the operation — t - 

amount of the switch- inolua es a switch 3 

l0O2 „ The switching device 1 inclu 

„ electrical signal responsive to the 
wh lch outputs an electric _ ^ ^ 

operational amount when it is opera • operational 

- • — ' — - " Si9 : Z i L — responsive 

time of the switch hased on the .l~t* 

t0 th6 national amount of the switch ^ 

ioo3 °:z t-t 

su ch as a cover .13. . elect rlcal 

flx ed contact !6. and a resistor 17, and 
com ponents such as a resistance .easting unit 

A/D converter 22. . switch 3 are 

,0.31, The mechanical components 

i3 is an external frame 

„.„,.< .. ~ — „„„ „ „ 

button 14. The ^ q£ a gemi . 

^ c The movable contact lb * 
spring, etc. ±»« 
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spherical, electrically conductive rubber G. The 

electrically conductive rubber G has 4 constant resistance. 

i 

Semicircular conductors 18 and 18 arranged with a spacing 19 

i 

interposed therebetween in a generally disklike 

configuration are placed in a positiori facing the movable 

i 

contact 15. The resistor 17 is connected in parallel with 
the semicircular conductors 18 and 18; The resistor 17 is 
also configured with one thereof grounded, and with the 
other end connected to one input terminal of the resistance 
measuring unit 21 of a signal output means 12. 

[0032] The electrical system of the switch 3 is 
constructed as follows. The resistance measuring unit 21 is 
configured with one input thereof conriected to the other end 
of the resistor 17, and with the other input terminal 
grounded. The resistance measuring unit 21 thus detects a 
change and a rate of change in the resistance between the 
semicircular conductors 18 and 18. The output terminal of 
the resistance measuring unit 21 is connected to the A/D 
converter 22. The A/D converter 22 converts the resistance 
and the rate of change in resistance per unit time from the 
resistance measuring unit 21 into a digital signal. 

[0033] The output . terminals of the resistance 
measuring unit 21 are connected to the input terminals of 
the signal output means 5* The signal output means 5 
receives an electrical analogi signal responsive to the 
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. id from the resistance 
4. n f the button 14 £rom 

— °" al ^ I sig nal output — • «- - dUCeS 
curing unit 21. opera tional time ***** °" 

s - ai reiat Loi^e *. 

terminals thereof. The ^ ^ ^ ^ 

. = are connectea to an in 
output means 5 ar ^ al g lta l signal 

inf option proces sing aev ce ^ ^ ^ a ^ ?i 

relating to the oper a tional time 

through the interface 72. s 

terminals of the A/ „ of the 

input ana output terminals 

non orocessing device 7. 
formation pr ^ the i» t orm a tion 

100351. m this ^ interfaoe 12 

proo essing aevice 3 inches the 

v,ut in practice, the xn* 
only a s shown, hut P J ^ i/Q anlt> . 

aevice 3 further inches . ' ^1 other unlts 

d lsplaV -it. an external storage uni,. 

~— ~ 'Z'TZ^^r ~-« a sp60lfl ° 

,0036, 4 the signal output _ 

circuit --^^ mAM 5 includes an operational 
to „0. 2. the signai o ^ 
time detector circuit 51. 



- 18 - 



circuit 51 includes a comparator 52 , a maximum time detector 
circuit 53, a flipflop 54, and a timer 55. The output 
terminals of the resistance measuring unit 21 are connected 
to the input terminals of the comparator 52 and the maximum 
time detector circuit 53, The resistance-voltage converter 
circuit 1 supplies an analog operatiorial amount signal to 

the comparator 52 and the maximum t±m& detector circuit 53. 

j • 

The output terminal S of the comparator 52 is connected to 
the set terminal of the flipflop 54. *The output terminal of 
the maximum time detector circuit 53 is connected to the 
reset terminal R of the flipflop 54. Th& flipflop 54 
receives, at the clock terminal CP thereof, a drive clock. 
The non-inverted output terminal Q of ;the flipflop 54 is 
connected to the disable control input terminal of the timer 
55. Only when the output terminal Q is at "1", the timer 55 
is operative. The inverted output tertainal RQ of the 
flipflop 54 is connected to the reset terminal of the 
maximum time detector circuit 53. 

[0037] The timer 55 is constructed as follows, for 
example. The timer 55 includes a reference clock generator 
circuit 551, a gate 552, and a counter 553. The output 
signal at the non-inverted otitput terminal Q of the flipflop 
54 is fed to one input terminal of the gate 552, and the 
output terminal of the reference clock generator circuit 551 
is connected to the other ihpilt terminal of the gate 552. 



The output terminal of the gate 552 connected to the 

! 

input terminal of the counter 553. 

i 

[0038] The embodiment thus coristructed is discussed, 
referring to FIG. 1 through FIG. 4* FIG. 3 shows resistance 
characteristics of the switching device with respect to the 
operation of the switching device. The abscissa represents 
time, while the ordinate represents resistance. FIG. 4 
illustrates the relationship between d change in voltage and 
a signal relating to the operational time, wherein the 
abscissa represents time while the ordinate represents the 
change in voltage. 

[0039] When the button 14 is pressed downward 
against the urging of an unshowh coil spring in the 
switching device 1 thus constructed, the electrically 
conductive rubber G of the movable contact 15 comes into 
contact with the semicircular conductors 18 and 18 of the 
fixed contact 16. The semicircillai: conductors 18 and 18 are 
connected to each other through the electrically conductive 
rubber G of the movable contact 15, and the resistance 
between the semicircular conductors 18 and 18 becomes 
smaller than the resistance of the resistor 17. When 
further pressed into contact with the semicircular 
conductors 18 and 18, the electrically conductive rubber G 
of the movable contact 15 is deformed. The contact area of 
the electrically conductive rubber G of the movable contact 
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ftd and the contact resistance of the 

electrically con 18 a nd 18 

with the semicircular conductors 
resistance with th ^ ^ ^ ^ 

gr adualiy -creases. « Qf ^ electri cally 

r elationship between the cont ^ ^ ^ 

hhflr G W ith the semicircular con 
conductive rubber resistance 

stance value measured by the re 
18 and the resistance 

measuring unit 21. 
10040] 
[Table 11 

. , „ T>*»«?lstance sum Ro 
[0 041, As listed in Taole 1. ^ resist 

of th e resistance of the r^±-t« " °»* ™ 
U the sum of r ^ oonauotlve rubb er 0. 

contact resistance of the ex , 

and resistance/area - «/«■?• : way ^ 

100421 The resistance sun Ro changing 

[00421 ■ 3 shows 

w «« resistance measuring .init 21. 
measured by the resist ^ ^ 

i„ the resistance sum Ro. A P or 
th e change in the r operat ional 

3 shows an operational example, ih 

, , „hlle the operational speed is slow 
-» ' is small while the small . whl ie the 

change «. in - resistance s» ^ , _ 

^rational time - " ^ - ' _ nt la 

an operational example, in _ ^ 

while the operational speed is fast. 

whlle the operational 

ln the resistance sum Ro is larg 
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time Atb is short. A portion (c) of ijlG. 3 shows an 
operate example, in which the operational amount is 
lar9 e. while the operational speed isjfast. The change .Be 

=.™ no is large, while the operational 
in the resistance sum Ro is j.arg<». 

time Ate is short. j 

i 00431 When the resistance measuring unit 21 
me asures the change in the resistaHoe ; sum Ro. the resistance 
ensuring unit 21 generates a voltage ; responsive to the 
change in the resistance of the resistance sum Ro. This 
analog signal contains, as information as to changes in the 
resistance sum Ro. a. change AR. time At for change, ana the 
integral of change AR in the form of Voltage signal. The 
output voltage from the resistance measuring unit 21 is 
converted into a digital signal by the A/D converter 22. 

,00441 The analog signal output from the resistance 
measuring unit 21 is fed to the comparator 52 and the 
m a*i™um time detector circuit 53. When the analog signal 
rises above a reference voltage Eo. the comparator 52 
outputs -l". When the output of the comparator 52 reaches 
n - the flipfloP 54 is set. and the flipflop B4 outputs 
^ timer =5 is thus activated. Specifically, the gate 552 
: is opened, and the reference cloc, is fed from the reference 
clocK generator circuit 551 to the counter 553. The counter 
553 cunts the reference clock. The maximum ti~ detector ^ 
clr cuit =3 monitors the input analog signal, and outputs 
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Mh en it detects a voltage smaller than «- »«* 

xn this way. the flipflop 54 is 
preceding input voltage. In this way. 

Let. - ^pfXop 54 outputs «C at the no.,— 

outpux counter 
S52 ls cXosea. ana no reference cXocK is 
553 . xn this way. the counter 553 measures time of the 
enalog signax at the rising edge side. ,he fXlpflop =4 
, „ts "1" at the inverted-output terminal RQ. which is 

:::: ^ — - -~ ~ f - - 

etching aevice X is now ready .or the detection of 

next maximum value. 

l0 o45, The digital signal obtained from the A/D 
converter » and the digital signal ohtained from the timer 

Llgh the int-fece „. When the CPU 71 is used as a game 
machine, a character is moved hy a distance of traveX^ 
^responding to the change a* In the resistance, hasedo 

* resistance sum Ro and 
ap in the resistance of the resxsxm 
the change AR in tne re 

character is moved within a short or long period of im 

sending on the time segment at. Us^g the ° ™ 

~ r'Pti 71 expresses tne 

. change in the resistance sum Ro. the CPU P 

magnitude o* an impact from which the character 
lt collides with another character. ; 

,0046, Since the information Elating to the 



operation - the the change » .the 

era tion the time segment for the change, ana the 
operation, tne , 4l . h the first embodiment, 

operational amount In accordance with the 
L formation processing device can perform complex 

PIOCeSSe ;004 71 <Second BmbodimenO *IG. . U • «~ 
of . second embodiment of the switching device whi.h is 
t d to the information processing device. In the 
connected to the , descrlDe a 

second embodiment, components identical 

I! connection with the first embodim^t are designated with 
the same reference numerals . ! _ 

,0048. A switching device la shown in FIG. 
designed to output electrical signals Jrespons ive to an 
operational amount and operational time. The switch^ 
device la is electrical* connect « the information 

, . device 7 to feed the electrical signals ■ 
processing device i .n„_,i time to 

< to an operational amount and operational tlm 
responsive to an oper swltch mg device 

the information processing device 7. *he s 
la includes a switch 3a which output, an electrical 9 
la includes switch 3a when 

responsive to an operational amount of the swi 

itch 3a is operated, and a Si^al output means 5 a 
the switch 3a is op «. 4rtnal time of the 

operational amount of the switch 3a. ^ ^ 
[00491 The switch 3a includes a cover 



coil 16a. The cover 



14. a movable magnet 15a, and a fixedj 

13 is an external frame forming a device bodv or t h e switch 
ua The button 14 is vertically movably supported on the 
co ver 13 as shown. The second embodiment is different from 
th e first embodiment in that the movable magnet 15a is fixed 
to th e bottom end of the button 14. but the first and second 
sediments are identical in that the button 1. is alwavs 
u r 9 ed upwardlv bv an unshown coil spring. The movable ^ 

end thereof and an S pole at the top end thereof. There 
wll l be no problem if the polarization is inverted. The 
flJt ed coll Ua is arrayed in a position facing the movable 
m agnet 15a. The fixed coil 16a is produced bv windin 9 an 
insulated wire havin 9 an insulator coating in a spiral 
configuration or in a coll conflation. Both ends of the 
fi xed coil 16a are connected to both input terminal of an 
operatlonai amplifier 21a. The output of the operational 
^piifier 21a is connected to the A/D converter 22. The 

21a has the inverting input terminal 
operational amplifier 21a nas t . 

. i *. 0 which both ends of 
i-nmrtiiia incut terminal, to muui 
and the non-inverting uiu 

t he fixed coil 16a are connected. The operational amplifier 
21a amplifies a change in the, voltage and the rate of the 

* *W* fixed coil. 16a. The output of 
change taking place in the fixed co 

, * 1a is connected to the A/D 

the operational amplifier 2la 

. . Av . 1? converts a change in tne 
converter 22. The A/D converter 22 conver 
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voltage value from the operational amplifier 21a into a 
digital signal. The A/D converter 22 outputs the digital 
signal in a parallel format. The parallel output terminals 
of the A/D converter 22 are connected to input and output 
terminals of an interface 72. 

[0050] The construction of the signal output means 
5a is fully identical to the counterpart in the first 
embodiment, and the discussion thereof is skipped. The 
information processing device 7 is also fully identical to 
that in the first embodiment, and the discussion thereof is 
also skipped. 

[0051] When the button 14 is pressed downward in the 
switching device la, the movable magnet 15a approaches the 
fixed coil 16a. In response to the speed of the button 14, 
a voltage is generated in the fixed coil 16a through the 

i 

right-handed screw rule. The voltage increases or decreases 

j 

in proportion to the speed of the downward motion of the 
button 14, and a change in the voltagei is amplified by the 
operational amplifier 21a, and is theri converted into a 
digital signal by the A/D converter 22. The digital signal 
is then fed to a CPU 71 through the interface 72 in the 
information processing device 7i 

[0052] An operational time detector circuit 51 in 
the signal output means 5 obtains a digital signal relating 
to the speed of the button 14 when pressed, from the change 



in the voltage. The digital signal patina to the 
operate time - - to the c* «|*"-* «- ^ ~ 

J 

10053, The CPU 71 in the information processing 
de vice 7 performs a variet y of proves using the digital 
slg „als relating to the above-referen*ed operational amount 

rva 71 is applied in a game 
and operational time. If the CPU « 

. that described in connection 
machine, the same process as that descri 

with the first embodiment is performed. 

10054) Since the information relating to the 
operation o, the button 14 includes the change in the 
operation, the time segment for the change, and the 
operational amount in accordance With the second embodiment, 
the information processing device can perform complex 
processes. 

[00551 <Third Embodiment FIG. 6 is a bloc* diagram 
of a third embodiment of the switching device which is 
connected to the information processing device. In the 
t hlrd embodiment, components identical to those described n 
oon „ection with the first embodiment are designated with 

same reference numerals. 

,0056] A switching: device lb shown in FIG. 6 is 
assigned to output electrical signals responsive to an 
operations amount and operation*! time. The switching 
aeVice lb is electrically connected to the Information 



processing device 7 to feed the electrical signals 
responsive to an operational amount and operational tin, to 
the information processing device 7. 

[00571 As in the first embodiment, the switching 
aevice lb inciudes a switch 3a which outputs an electrical 
signal responsive to an operational amount of the switch 3a 
when the switch 3a is operated, and a signal output means 

4„„„i relating to operational time of the 
which produces a signal relating t v 

«i metrical signal responsive to the 
switch 3a based on the electrical s 

operational amount of the switch 3a. 

,0058] The switch lib includes a cover 13. a button 
X«. a movable electrode 15b. and » fixed electrode 16b. 
The third embodiment is identical to the first embodiment in 
that the cover 13 is an asternal frame forming a device body 

^vably supported on the cover 13 as shown. The third 
embodiment is different from the first embodiment in that 
the movable electrode 1* is fixed to the bottom end of the 
button 14. but is identical to the first embodiment in that 

„,aad The fixed electrode 
the button 14 is always upwardly urged. 

4n„n facing ine movable electrode 
16b is arranged in a position facing , 

; i5b . The movable electrode 15b is outj of reach of the fixed 
exectrode Ub even when the movabl* electrode 15b is pressed 
b y the maximum stro.e. The movable electrode !5b and the 
flx ed electrode 16b are charged by an -shown direct current 



power supply so that the movable electrode 15b is positively 
charged while the fixed electrode 16b is negatively charged. 
The movable electrode 15b is connected to the non- inverting 
input terminal of an operational amplifier 21b of the signal 
output means 12b while the fixed electrode 16b is connected 
to the inverting input terminal of the signal output means 

12b. The output terminal of the operational amplifier 21b 

i 
i 

is connected to the A/D converter 22 . j The operational 

i 

amplifier 21b is configured with the ikon-inverting input 
terminal thereof connected to the movible electrode 15b and 
with the inverting input terminal thereof connected to the 

i 

fixed electrode 16b, and amplifies a dapacitance change 
responsive to a change in the spacing ; between the movable 

j 

electrode 15b and the fixed elfcctfode j 16b and a rate of 
capacitance change in the form of Voltage. The output 
terminal of the operational amplifier ■ 21b is connected to 
the A/D converter 22. The A/D converter 22 converts the 
voltage signal of the capacitance atid the rate of change of 
capacitance per unit time from the operational amplifier 21b 
into a digital signal. The A/D converter 22 outputs the 
digital signal as a parallel signal. *he parallel output 
.terminals of the A/D converter 22 are connected to parallel 
input and output terminals of the interface 72. 

[0059] A signal output meahs 5b is identical in 
construction to the counterpart in the first embodiment. 
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^ input ter»lnal of the signaX output -eans Sb is 
connects to the output te^lnaX of the operationaX 
^ 21b. - output tercels of the signal output 

„ 4. „ ar a1 lei input and output 
nMng 5b are connected to parallel xnp 

device 7. Since the information processing device 
fully Identical to that in the first e.hodi-ent . the 
discussion thereof is skipped. 

[0 „ 6 „ When the button X4 is pressed downward in 
pitching device lb. the spacing between the .novabXe 
eiectrode X5b and the fixed eXectrode X«b is narrowed 

capacitance increases or decreases 

to the spacing between the movable eiectrode XSb and the 
flxe d eiectrode XSb. The chance in the " 
inverted into a voXtage changed the operationaX ampXi ier 
21b The voltage is then converted into a digital si g naX hv 
the A/D converter 22 . The digital signaX is then 
transferred to the CPU 7X through the interface 72. 

,00*1, The signaX output *eans 5b detects a change 
ln th e capacitance in response to the operation of the 
hutton X. calculates a change in the operation su as 
S peed. end outputs the operational change in a digitaX 

Sl9 " al: The two digital Signals are fed to the CPU 7X 



30 - 



through the interface 72 in the infection processing 
d6 vice 7. The CPU 7! performs a variety of processes. For 
example, if the CPU 71 is employed in a game machine, the 
CP„ 7! performs the same process as that perform in the 

first embodiment, 

[0063] Since the information relating to the 
operation of the button 14 include, the change in the 
operation, the time segment for the change, ana the 
operational amount in accordance with the third embodiment, 
the information processing device can perform complex 
processes . 

10064] <Fourth Embodiment) PIG. 7 is a block diagram 
„ £ a fourth embodiment of the switching device which is 
connected to the information processing device. In the 
f ourth embodiment, components identical to those described 
ln connection with the first embodiment are designated with 
the same reference numerals. 

(00651 A switching device lc shown in FIG. 7 is 
aesigned to output electrical, signals jresponsive to an 
operational amount and operational tirfe. The switching 
oevice lc is electrically connected fj the information 
processing device 7 to reed the electrical signals 
response to an operational amount and operational time to 
the information processing device 7. 

,0066] The switching device lc includes a switch 3a 
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which outputs an electrical signal responsive to an 
operational amount of the switch 3a when the switch 3a is 

operated, and a signal output means 5d which produces a 

j 

signal relating to operational time of the switch 3a based 

• j 

on the electrical signal responsive t6 the operational 
amount of the switch 3a. 

t 

[0067] The switch 3c is constructed as follows. 
Specifically, the switching device lc includes a cover 13, a 
button 14, a movable contact 15c, and a fixed contact 16c. 
The fourth embodiment is identical to the first embodiment 
in that the cover 13 is an external frame forming a device 
body of the switch lc, and that the bxitton 14 is vertically 
movably supported on the cover i3 as shown. The fourth 
embodiment is different from the first embodiment in that 
the button 14 has a movable contact 15c fixed to the bottom 
end thereof and formed of a trapezoidally shaped, 
electrically conductive rubber G. The electrically 
conductive rubber G has a bottom face inclined from a small 
thickness portion at the left hand side to a large thickness 
portion at the right hand side as shown. As in the first 
embodiment, the button 14 is always upwardly urged by an 
unshown coil spring, etc. A fixed contact assembly 16c is 
arranged in a position facing the movable contact 15c. The 
fixed contact assembly 16c includes a plurality of 
electrodes 16cl, I6c2, 1663; 1664, and 16c5 with constant 
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spacings 19cl between 16cl and 16c2, i9c2 between 16c2 and 
16c3 f 19c3 between 16c3 and 16c4, and 19c4 between 16c4 and 
16c5. The electrode 16cl is grounded, while the remaining 
four electrodes 16c2, 16c3, 16c4, and 16c5 are connected to 
an interface 72 in the information processing device 7. In 
this way, a four-bit digital signal is output from the these 
electrodes. The interface 72 receives a clock CLOCK. 

[0068] FIG. 8 is a circuit diagram showing the 
construction of an operational time detector circuit 51c of 
the signal output means 5c* In case of the four bit digital 
signal, the operational time detector circuit 51c includes 
three exclusive OR (EXOR) gates 56 , 57, and 58, three 
flipflops 59, 60, and 61, three AND gates 62, 63, and 64, an 
OR gate 68, and a timer 55. 

[0069] The electrode 16c2 is connected to one input 
terminal of the EXOR gate 56, and the electrode 16c3 is 
connected to the other input terminal of the EXOR gate 56. 
The electrode 16c3 is connected to the reset terminal of the 
flipflop 59. The electrode 16c3 is connected to one input 
terminal of the EXOR gate 57, and the electrode 16c4 is 
connected to the other input terminal of the EXOR 57. The 
electrode 16c4 is connected to the reset terminal of the 
flipflop 60. The electrode 16c4 is connected to one input 



of the EXOR gate 58 and the electrode 



16c5 is connected to 



the other input terminal of the EXOR c^ate 58. The electrode 



- 33 - 



16c5 is connected to the reset terminal of the flipflop 61. 
Each of the flipflops 61. 62. and 63 receives the clock at 
the clock input terminal thereof, although these terminals 
and the clock are not shown. Upon completing counting, the 
timer 55 is designed to clear the flipflops 61. 62, and 63 
so that the flipflops 61, 62. and 63 outputs "1" at the 
output terminals Q thereof. The output terminals Q of the 
flipflops 59. 60. and 61 are respectively connected to the 
other input terminals of the AND gates 62. 63. and 64. The 
output terminals of the EXOR gates 56 j 57, and 58 are 
respectively connected the remaining input terminals of the 
AND gates 62, 63, and 64. The output ^terminals of the AND 
gates 62. 63, and 64 are respectively j connected to the input 
terminals of the OR gate 65. The output terminal of the OR. 
gate 65 is connected to the disable control input terminal 
of the timer 5.5. The timer 55 remains, unchanged from that 
used in the first embodiment, and the discussion thereof is 
skipped here. The information processing device 7 is also 
identical to that used in the first embodiment, and the 
discussion thereof is also skipped here. 

[0070] The operation of the fourth embodiment is now 
. discussed, referring to FIG. 6 and FI(J. 7. FIG, 7 is a 
timing diagram showing the operation of the fourth 
embodiment. The abscissa represents time, while the 
ordinate represents signals at various points of the circuit. 
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[0071] When the button 14 is pressed down against 
the urging of the unshown coil spring « in the switching 
device 1 thus constructed, the electrically conductive 
rubber G of the movable contact 15c 16 put into contact with 
the electrode 16cl of the fixed contact assembly 16c. When 
the button 14 is further pressed down^ the electrically 
conductive rubber G is deformed into contact with the 
electrodes 16cl and 16c2 of the fixed contact assembly 16c. 
When the button 14 is even further pressed down, the 
electrically conductive rubber G of the movable contact 15c 
is deformed into contact with the electrodes 16cl, 16c2, and 
16c3 of the fixed contact assembly 16c. As the contact area 
of the electrically conductive rubber G of the movable 
contact 15c is widened, the electrodes 16cl, 16c2, 16c3. 
16c4, and 16c5 are gradually grounded. The interconnection 
relationship between the electrically conductive rubber G 
and the electrodes 16cl, 16c2, 16c3. 16c4, and 16c5 is 
varied depending on the pressing force and speed acting on 
the button 14. The interconnection relationship of the 
electrodes 16cl, 16c2, 16c3. 16c4, and 16c5 of the fixed 
contact assembly 16c is fed to the interface 72 of the 
information processing device 7, and is then transferred to 
the CPU 71. 

[0072] The flipf 1bps 59, 60 » and 61 are set to "1" 
at the output terminals Q thereof at the default conditions 



I 
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thereof. For example, when the electrodes 16cl and 16c2 are 
put into contact with each other, the electrode 16c2 of the 
switch 3 becomes -0- in level (See FIG. 9(a)). This signal 
is output as the output of the switching device 1. In the 
signal output means 5, the on condition of the EXOR 56 is 
not established, the EXOR 56 is not activated, and the timer 
55 remains Inoperative. The timer 55 outputs no digital 
signal relating to the operational time. 

[0073] When the electrodes 16dl. 16c2. and 16c3 are 
in contact with each other for a predetermined period of 
time, the electrodes 16c2 and 16c3 becomes "0" in level (see 
FIG. 9(b)). This signal is fed to the information 
processing device 7 as the output signal of the switch 3 of 

the switching device 1. 

[0074] In the signal output means 5, the on 
condition of the EXOR 56 is established for a duration of 
time from tl to t2. and for a duration of time from time t3 
to time t4. and the EXQR 56 outputs for the duration of 

time from time tl to time t2. and f or jthe duration of time 
from time t3 to time t4. Since the fljLpflop 59 becomes "0" 
at time t2. the AND gate 62 does not output "1" for the 
. duration of time f*om time: 1 3 to time !t4. but outputs "1" 
for th* duration of time from time tl ;to time t2 only. The 
level *1" is fed to the disable control input terminal of 
the timer 55 through the OR gate 65. in this way. the 



f time from time t! to tfa* t2 is counted, 
auration of time ^ _ 61ect roaes 16ol. I«c2. 

(00751 Furthermore, when the electr 
, „a 16C4 are oonnectea to each other for a 

' , a perioa of the -4t«~ 1«. - 

^determined perio ^ | ^ ^ ^ 

16c 4 become -0" In level (see F 

£efl to the information processing devjce 7 

„ in the switching device 1. 
signal from the switch 3 in , 

— -. " TZ -!- • — » 

•* Tj™ r.». ... ... » - - ~ ■ m 

gate 57 xs + * mat + 14 to time 

« ,,3 ana for a duration of tim* from time 
*- n time tl3 ana w n „ 

, FIG 9(c), the EXOR gate 56 outputs 1 
A g shown in FIG. 9{c) > ^ 

* *11 to Ume tl2 and for the 

nation of t*. «- time t ^ ^ 

F IG . . the ~ ^ °^ fo auratlon of time 

«- «■ «- ti2 t :° r *. • - ~~ 

from time "4 to ti*e «5. 

t . 0 . a t the output terminal 0 thereof at time 

* utout -1- at the output terminal thereof 

from the duration of time from time 

. ... for the duration of time from time t!3 
outputs 1 for tne 

tl3 since the flipfioP 59 " ^ en t0 ° 

v t!5 the AND gate 62 does not 

terminal Q thereof at time tl5. th 
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output T at the output terminal thereof for the duration 
of time from time tl5 to time tl6, but outputs "1" for the 
duration of time from time til to time tl2. When these 
"l's" are fed to the OR gate 65 , the OR gate outputs "1" at 
the output terminal thereof for the duration of time from 
time til to tl3. This signal is fed to the disable control 
input terminal of the timer 55. The timer 55 counts time 
for the duration of time from time tli to time tl2. 

[0077] When the electrodes 16cl, 16c2, 16c3, 16c4, 
and 16c5 are all connected to each other for a predetermined 
duration of time, the electrodes 16c2, 16c3, 16c4, and 16c5 
becomes "0" in level (see FIG. 9(d)). This signal is fed to 
the information processing device 7 as the output signal of 
the switch 3. In the signal output means 5, the on 
condition of the EXOR gate 56 is established for a duration 
of time from time t21 to time t22 and for a duration of time 
from time t27 to time t28, and the on condition of the EXOR 
gate 57 is established for a duration of time from time t22 
to time t23, and for a duration of time from time t26 to 
time t27, and the on condition of the EXOR gate 58 is 
established for a duration of time from time t23 to time t24, 
and for a duration of time: from time t25 to time t26. 
Referring to PIG. 9(d), the EXOR gate 56 outputs "1" at the 
output terminal thereof for the duration of time from time 
t21 to time t22 and for the deration of time from time t27 



(no to rIG . 9<c>. the EXOR gate " 

t0 time t28. Referring . f or the oration 

.utputs - - the ou^t term ^ * ^ duration o£ 

*?2 to time t23» 
of time from time ^ ^ ^ „„. 9(d) . the 

- ^ tlme f^the output terminal thereof for 
EX 0R gate « outp- ^ u3 ^ time ^ 4 Mfl for the 

the duration of time ^ ^ ^ 

nation of time from «- « ^ ^ ^ Q 

thereof at *« - ■ ^ ^ from tlne „. to 

the output thereof for ^ ^ ^ ^ t±me 

time «.. -t outputs ^ ^ ^ ... at 

tM to time t24. Since the flip P ^ ^ ^ 

the output thereof at time the ^ ^ ^ 
at the output terminal thereof *j * 

Hmfl t27 but outputs 1 tor 

fE om time «. to time «7 ^ ^ ^ 

of time from time t23 to t24. Si ^ ^ ^ 

» at the output terminal Q tne 

driven to 0 at th ^ termlnal 

the AND gate 62 doe, not output ^ 

xr fimp from time t:^' 
thereof for the duration of *1~ * ^ ^ ^ 

* -1- for the duration of time fro 
« outputs 1 or to oR gate „. the 

- et22 - me \:;; a ; the output te^inai thereof, a 
.. ,,0R gate .. P-i-. - - ^ from 

time til to time t24. dura tlon from 

i ^ fhe timer 55- 
control input terminal of the 



time t21 to time t24 is thus counted. The digital signal 
relating to the operational time is fed to the CPU 71 of the 

information processing device 7. ; 

i 

[0078 J The CPU 71 performs A variety of processes, 
based on the change in the grounded (interconnected) state 
of the electrodes of 16cl, 16c2, 16c3, 16c4, and 16c5 of the 
fixed contact assembly 16c and the signal relating to the 
operational time from the signal output means 5. 

[0079] The fourth embodiment provides the same 
advantages as those of the first embodiment. Furthermore, 
since the fourth embodiment obtains the digital signal 
directly from the operational information of the button 14, 
the resistance measuring unit, the operational amplifier, 
and the A/D converter are dispensed with. 

[0080] <Fifth Embodiment FIG. 10 is a block diagram 
of a fifth embodiment of the switching device which is 
connected to the information processing device. In the 
fifth embodiment, components identical to those described in 
connection with the first embodiment are designated with the 
same reference numerals. 

[0081] A switching device Id shown in FIG. 10 is a 
modification of the switching device lc shown in FIG. 5, and 
is designed to output electrical signals responsive to an 
operational amount and operational time in the same way as 
in the first and fourth embodiments, the switching device 
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* a *«<the information processing 
id is electrically connected to the 

7 to feed the electrical signals responsive to an 
device 7 to feed tn the information 

operational amount and operational time to he 

4 7 The switching device Id includes a 
recessing device 7. _ ^ ^ 

switch 3d which outputs an electrical 

4. of the switch 3d when the switch 3d is 
^rational amount of the swi^ 
an operations produces a 

and a signal output means 5d which p 
operated, and a 9 3d baged 

signal relating to operational tl~ 

on the electrical signal responsive to the operational 
amount of the switch 3d. 

- - - — — r ~ « ■ — 

contact 15d, ana a ix 

*- — to «- toorth embodime. - v 

„ „ The fi«h i— * ^ also identical to the 

t in that tne button 14 has a movable contact l=d 

ir: n — - - — .- — - - in 0 r 

ruDDtsj- « unshown coil 

the button 14 is always upwardly urged^ by an 

tc A xixed contact assembly M* is arranged in 
spring, etc. A fixe The fixed contact 

position facing the movable contact Uf . 

, . central electrode MM. ■»!« a 



16d2 between 16c2 and 16c3, i6d3 between 16c3 and 16c4, and 
16d4 between i6c4 and 16c5. The electrode 16cl is grounded. 
The electrodes 16c2, 16c3, 16c4, and 16c5 are directly 
connected to the interface 32 of the switch 3. The 
interface 32 receives a clock CLOCK. 

[0083] The signal output means 5d is identical to 

i 

that used in the fourth embodiment, arid the discussion 
thereof is skipped here. The information processing device 

i 

7 is fully identical to that used in the first embodiment, 

i 

and the discussion thereof is also skipped here. 

[0084] When the button 14 is pressed down against 
the urging of an unshown coil spring in the switching device 
Id thus constructed, the electrically ! conductive rubber G of 
the movable contact 15d is put into cdntact with the 
electrode 16dl of the fixed contact assembly 16d. When the 
button 14 is further pressed down, thei electrically 
conductive rubber G of the movable coritact 15d is deformed 
into contact with the electrodes I6dl and 16d2. When the 
button 14 is even further pressed down, the electrically 
conductive rubber G of the movable coritact 15d is deformed 
into contact with the electrodes I6dl, 16d2, and 16d3 of the 
fixed contact assembly i6d* As the contact area of the 
electrically conductive rubber 6 of the movable contact 15d 
is widened* the electrodes I6dl> 16d2, 16d3, 16d4, and 16d5 
are gradually grounded. The interconnection relationship 



vectrlcaUy conductive *f>ber G and the 
between the epical j _ ^ ^ ^ ^ 

eiectrodes 1641 . • ' , ' lng on the 

„ the cresslng force and spee 
spending on the pr relationsh lp of the 

el ectrodes 16d • ^ ^ „ of the 

contact assembly 16* ^ trans ferred to 

lnf elation processing device 7. and 

icnal output means 5d measures a change 
100851 Sl9 " a f thB BMltc h. and outputs the 
ln the operational t- o 

m easured signal to the CPU 

device 7. variety of processes, 

l0 086l The CPU 71 Performs a varie _ 

in the grounded (interconnected) 
D ased on the change in i6d5 of tne 

of t he electrodes of 1*. ^ relating to the 

f iX ed contact assembly 1«* and the signal 

! time from the signal output means 5. 
operational time orov ides the same 

o.h« fifth embodiment provxu 
[0087] The fiftn Furthermore. 

the first embodiment, 
advantages as those o dl g lt al signal 

--^^nar— — 
al rectl, from the operation, ^ ^ ^.r. 

the resistance measuring unit, the P 

»«, are dispensed with, 
and the A/D converter _ biock diagram 

.awslxth Embodiment) ««• 11 1 
100881 <SW t of the present invention. The 

showing a sixth embodiment of 



sixth embodiment is arranged by rethbving the signal output 
means 5 in the first embodiment arid then transferring the 
signal output means 5 to an Information processing device 9 . 
The information processing device 9 iricludes a CPU 91 and an 
interface 92. 

[0089] The CPU 91 receives a digital signal output 
from the switch 3 f stores a change in the resistance value 
of a resistance sum Ro in the form of voltage, and detects, 
from these pieces of information, a change AR in the 
resistance value, a time segment At during which the change 
AR takes place, and an integral of the resistance change. 
The CPU 91 detects these signals as follows. The CPU 91 
samples the resistance sum Ro at regular intervals, compares 
the resistance value at this sampling time with the 
resistance value at the immediately pr'ior sampling time, and 

! 

determines that the resistance value at the immediately 

I 

prior sampling time is a minimum value, when the resistance 
value at this sampling time is larger .j From this 
determination, the CPU 91 determines the time At from the 
start of the change in the resistance lvalue and the change 
AR in the resistance. The CPU 91 determines the integral of 
the changes in the resistance sum ftd by summing all 
resistance values at sampling titties * fche change AR in the 
resistance sum Ro, the time segment At:, and the integral of 
the. changes, thus determined by the CPU 91, are fed to the 



information processing device 7. The information processing 
device 7 may functions as the information processing device 
9 as well . 

[0090] The embodiment of the ^witching device 

described above may be applied in the if ollowing fields. 

i 

[0091] Each switching device iriay be used in a joint 
pad. In this case, the force applied on a button of the pad 
is compared with several references, And the input state of 
the button is determined to adjust th£ strength of an attack 
by a character in a martial art game, or the speed and 
strength of throwing motion or kicking motion of a character 
in a sports game. 

[0092] The switching device may be applied in a user 
recognizing keyboard. The mannet in which a user touches 
the key is learned by a personal Computer and is then set as 
a reference value. The personal computer compares the 
finger touch of the user with the reference value each time 
the user touches the keyboard. When a difference is large, 
the personal computer determines that someone else touches 
the keyboard, and may lock or ires v et itself. Data relating 
to the finger touch may be a speed at which the key is 
pressed. 

[0093] Each of the above switching devices can be 
applied in a keyboard. When the switching device is applied 
in a keyboard, a reference is established based on the force 
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applied on the button, and is stored in a personal computer. 
The finger touch is compared with the reference value. When 
the finger touch is strong, an uppercase letter may be 
selected, and when the finger touch is weak, a lowercase 
letter may be selected. Alternatively, when the finger 
touch is strong, a cursor is upward or downward moved on a 
page by page basis. When the finger touch is weak, the 
cursor is upward or downward moved on a line by line basis. 

[0094] The switching device may be used as a switch 
for setting time on a watch. When time is set on a watch, a 
force applied on the button is compared with a reference 
value. When the force is strong time setting is performed 
on a hour by hour basis. When the force is weak, time 
setting is performed on a minute by minute basis. The 
switching device may be applied as a switch for setting an 
operational time of a timer. When the time of the timer is 
set, a force applied on a button is compared with a 
reference value. When the force is stronger than the 
reference value, the operational time is set on a hour by 
hour basis. When the force is Weaker than the reference 
value, the operational time is set on fifteen minutes by 
fifteen minutes basis. When the switching device is applied 
in the timer, the pressing speed of the button may be 
compared with a reference value. The Switching device may 
be applied as a switch in ah alarm clock. The manner in 



which the switch is pressed to stbt* the alarm clock is 
learned by a computer, and a reference is set by the 
computer. When a user presses the switch, the computer 
compares the manner in which the switch has been pressed 
with the reference, and allows the alarm clock to function 
again if the difference between is large. 

[0095] The switching device may be used as a channel 
switch of a television receiver. A force applied on the 
channel switch in the television receiver is learned by a 
channel CPU, and a resulting referenced is stored. By 
comparing, with the reference, a force| that is applied when 
a channel selection is performed, the jmanner of channel 

selection is varied. 

[0096] The switching device may be applied as a hot- 
water discharge control device ih a vdcuum bottle. The 
switch is connected to a CPU. and hot vater is discharged 
under the control of the CPU. A hot-water discharge 
quantity may be controlled to a desired amount according to 
the downward stroke and downward pressing speed of the 
switch. 

[0097] The switching device may be applied in a 
device that turns on or off 6 tap. The opening or closing 
of the tap is controlled by a CPU: The switching device is 
connected to the CPU. and a tap water discharge rate is 
controlled in response to the dpWnward stroke and downward 
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compares each operation w illumination 

justing an illumination X.vei o £ the 



equipment . 
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1na the resistant between the two 
conductors . changing the ^ ^ , 
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signal. These pieces of information are fed to the 
information processing device, theteby permitting the 
information processing device to perform complex control. 

[0103] When the trapezoidally shaped, electrically 
conductive, movable rubber contact is 

the fixed contact assembly composed of the plurality of 
regularly spaced electrodes in a position facing the movable 

contact in the switch, the electrically conductive rubber is 

i 

deformed and comes into contact With each electrode. In 
this way, the contact area of the fcledtrically conductive 
rubber with each electrode changes. The contact 
relationship of the movable rubber coritact with the 
plurality of electrodes is directly picked up as a digital 
signal. The signal output means obtains Information 
relating to the operational time of the switch. These 
pieces of information are fed to the information processing 
device, thereby permitting the information processing device 
to perform complex control. Since the digital signal is 
directly obtained, the A/D converter is dispensed with. 

[0104] When the semi-spherically shaped, 
electrically conductive, movable rubber contact is in 
contact with the fixed contact assembly composed of the 
central electrode placed in the center of the assembly in a 
position facingr the movable contact, and the plurality of 
regularly spaced rings of electrodes centered on the central 



electrode, in the switch, the electridally conductive rubber 
is deformed, and comes into contact with the electrodes, 
from the central electrode to radially external electrodes. 
These pieces of information are fed to the information 
processing device, thereby permitting the information 
processing device to perform complex control. Since the 
digital signal is directly obtained, the A/D converter is 
dispensed with. 

[0105] When the switching device of the present 
invention is applied in the game machine, the movement of a 
character is controlled in response to the information such 
as the magnitude of the pressing force and the operational 
time of the button. The travel distance, the travel speed, 
and impact quantity of the charactet are controlled in a 
variety of ways. 

[Brief . Description of the Dirawings] 

[FIG. 1] 

FIG. 1 is a block diagram showing a first embodiment of the 
switching device of the present invention. 
[FIG. 2J 

FIG. 2 is a circuit diagram showing a signal output 
means of the first embodiment. 
[FIG. 3] 

FIG. 3 shows characteristics of operational signals 
generated in the first embodiment of the present invention. 
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[FIG. 4] 

FIG. 4 shows the operation of the first embodiment. 
[FIG. 5] 

FIG. 5 is a block diagram showing a second 
embodiment of the present invention. 
[FIG. 6] 

FIG. 6 is a block diagram showing a third embodiment 
of the present invention. 
[FIG. 7] 

FIG. 7 is a block diagram showing a fourth 
embodiment of the present invention, j 
[FIG. 8] | 

! 
I 

FIG. 8 is a circuit diagram showing the construction 

i 

of a signal output means used in the fourth embodiment. 
[FIG. 9] 

FIG. 9. is a timing diagram shoWing the operation of 
the signal output means in the fourth embodiment. 
[FIG. 10] 

FIG. 10 is a block diagram showing a fifth 
embodiment of the present invention* 

[FIG. 11] ' 

FIG. 11 is a blockdiagram showing a sixth 
embodiment of the present invention. 

[Reference Numerals] 

1 Switching d^vic© 
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i 
j 

3, 3a, 3b, 3c, and 3d Switches 

j 
i 

5, 5a, 5b, 5c, and 5d Signal butptit means 

j 

7 Information processing device 

9 Information processing device 

71 CPU 

72 Interface 

91 CPU 

92 Interface 

13 Cover 

14 Button 

15, 15c, and 15d Movable contacts 
15a Movable magnet 

15b Movable electrode 

16, 16c, and 16d Fixed contacts 
16a Fixed coil 

16b Fixed electrode 

16cl, 16c2, 16c3, 16c4, and 16c5 Electrodes 
16dl, 16d2, 16d3, 16d4, and 16d5 Electrodes 
19 Spacing 

19cl, 19c2, 19c3, and 19c4 Spacings 
19dl, 19d2, 19d3, and 19d4 Spacings 



DRAWINGS 
[FIG. 1J 

1 SWITCHING DEVICE 

7 INFORMATION PROCESSING DEVICE 

5 SIGNAL OUTPUT MEANS 

72 INTERFACE 

[FIG. 2] 

552 GATE 

553 COUNTER 

[FIG. 7] 

72 INTERFACE 
[FIG. 3] 



[FIG. 5] 

•72 INTERFACE 
[FIG. 4] 

© OUTPUT VOLTAGE OF RESISTANCE MEASURING 
©OUTPUT Q OF FLIPFLOP 54 



[FIG. 6] 



72 



INTERFACE 



[FIG. 8] 

55 TIMER 

[FIG. 10] 

72 INTERFACE 

[FIG. 9J 

© OUTPUT OF EXOR GATE 56 
© OUTPUT OF EXOR GATE 57 
(D OUTPUT OF EXOR GATE 58 

© Q OUTPUT OF FLIPFLOP 59 
© Q OUTPUT OF FLIPFLOP 60 
© Q OUTPUT OF FLIPFLOP 61 

© OUTPUT OF AND GATE 62 
© OUTPUT OF AND GATE 63 
© OUTPUT OF AND GATE 64 

® OUTPUT OF OR GATE 65 

[FIG. 11] 

1 SWITCHING DEVICE 



g INFORMATION PROCESSING DEVICE 

92 INTERFACE 

TABLE 
(TABLE 1] 

© Switch operation 
<D Contact area 
® Resistance sum Ro 
® Switch not operated 

(D Switch operated (with button 14 pressed) 
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